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Introduction
Pain is

probably the greatest of symptoms.

It is

great in its intensity and in the awareness that it imparts
to the patient that

something is wrong.

Pain has long been

one of the most valuable diagnostic aids to the physician.
If it were not for pain, many pathological conditions would
go to an irreversible state in a~ insidious manner and lead
to disaster.
Despite the importance of pain, once its diagnostic
potentialities have been exhausted and used, its removal is
usually of prime importance to the patient, and it is for
this removal that analgesics were designed.

Aresthes1a was

designed for the prevention of pain during surgical procedures,
both for the sake of the patient and the physician.

In attain-

ing this end, anesthesia has been proved to be a necessity,
without which surgery could not progress.
It has been necessary for modern surgery and anesthesiology to live a symbiotic relationship, and it is true that
surgery has advanced only as fast as anesthesiology has advanced.
One need only read a personal account of an operation before
the era of anesthesia, such as the one described by Professor
George Wilson to his friend J. Y. Simpsoh(l), to prove the
above syatement and also to impress
blessing that is anesthesia.
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oneself of the God's
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Intravenous anesthesia is a relatively new method: of
anesthesia that has been added to the armamentarium of the
anesthetist.

Although this method of anesthesia has been

known since 1872, it has only been on a firm clinical basis
since the

third decade of this century.

timely, since many of it·s

Its advent has beon

characteristics make it particularly

applicable to military medicine, and indeed, in the present
world conflict it is used in the majority of cases which
require anestqesia.
Al though intravenous anesthesia cannot be offered as a
panacea for all types of cases, clinical

reports of the past

few years indicate that this method of anesthesia will be a
very valuable addition to the field of anesthesiology.

HISTORY

~

I

General anesthesia by the intravenous route was first
demonstrated as a possibility by Ore( 2 ), of Lyons, in 1872,
a solution of chloral hydrate being the agent us ed.

.After

it had been tried in 51 cases, there were fatalities apd the
method was abandoned.

The method was revived by Krawkow(3),

of Petrograd, in doing experimental work between the years
of 1905 ani 1908:

The agent used was "Hedonal".

In 1908,

Krawkow( 3 ), using Hedonal-chloroform, introduced narcosis.
In 1910, Fedor ow, ( 1 ) of Petrograd first used "Hedonal II intravenously in humans as a method of anesthesia.

This was the

first use of the barbiturates(l) to be used in this manner,
and in light of present investigation with the

barbiturates,

marks the real beginning of a useful intravenous drug for
the purpose of general anesthes.ia.

.A fair amount of success

was obtained with it until the war wt off the supply.
Ether and chloroform were first used by Burkhardt.

He

first used chloroform in 1909 but soon discontinued that and
began the use of
solution and

a 5% solution of ether in physiologic saline

reported very satisfactory results.

The use of paraldehyde was reported in 1913 by Noel and
Soutter.(5)

They used 5 to 15 c.c.'s of paraldehyde with an

equal amount of
of a cold

ether and dissolved the mixture in 150 c.c.'s

1% solution of sodium chloride in di stilled water.

They recommended

its use as a hypnotic and

anesthesia in short operations, and
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as

a general

reported excellent results.
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Grae1,( 6 ) in 1913 reported 151 cases in which ether
anesthesia was induced intravenously and 359 cases in which
anesthesia was induced with a 1. 5% solution of tri chlorisopropyl alcohol ( Isopral) and maintained vrith a 5% solution
of ether in normal physiologic saline

solution.

Both drugs.

were administered intravenously.
Magnesium sulphate was used by Peck and Meltzer(?) in
1916 and they described 3 cases in which the drug had been
used intravenously to produce anesthesia.
In 1920, Somnifere(S) was introduced in France for intravenous anesthesia, but was abandoned after a fairly extensive
trial on account of unpleasant complications.
introduced in 1925.

Ipral(lO) was

Sodium amytal(ll) was described by Shonle

and Moment in 1923 and five years later was used intravenously
by Zerfas, of Indianapolis, after careful experiments.

Its

use, however, was soon abandoned as it was frund that the
blood pressure and respiration were depressed and that the
period of post~operative unconsciousness was too prolonged
and respiratory complications were far more frequent than
(11)
with the inhalation anesthesias. In 1929, Zerfas,
stated
that the above described bad results with Sodium amytal (Isoamyl-ethyl barbiturate) Was, due to impurities intDDddced into
the drug by improper

storage and

results with a purified
its use in 30 patients.

he reported quite good

form as recorded from the results of
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(12)
In 1930, Lundy

reported using Amytal sodii in 753

cases and found that untoward results such as pulmonary
edema and

bronchopneumonia were altogether too frequent if

large doses of the drug were used.

Also a marked drop in

blood pressure was noted with too rapid

injection or too

much solution injected.
2
He(l )used Sodium Embutal, an isomer of sodium isoamylethyl barbiturave, intravenous in 52 cases.
that it

was more effective and much more potent

taking only one-half the dosage.

He found
than amytal

He summarized, however,

that its chief indication was in preparing patients for
operation.
Allonal was first introduced by Petil and Perlis(l3)(1926)
and was used as an intravenous anesthesia in dogs and was used
in humans by Keller(9) in 70
Kirschner, ( 14 ) in 1929,

cases in 1927.
reported the intravenous use or'

a 3% solution of avertin in 150 cases.
Constantin,(l5)1n 1930, used a mixture of 25% sugar solution
the

in one bottle and 90% ethyl alcohol in another and used
gravity method of administration.

number or types of cases in which this

He did not state the
solution was used, but

stated that he thought it a relatively safe anesthesia, and up
to his writing, no deaths could be ascribed to its administration.

The method was originally intDoduced in England by Dr.

Miguel Garcia Marin of Mexico.

- 6 -

In 1930, "Nembut~lu(l 2 ) in America and
-in Germany were used, but were discarded for
as "Amytal".

11

Pernocton"(l 6 )
similar reasons

These drugs, however, are still used for basal

narcosis and premedication before

inhalation anesthesia.

No really satisfactory drug was founi for intravenous
anesthesia until the introduction of "Evipan sodium" (l7) in
Germany in 1932, and pentothal sodium in
in 1934.

America by Lundy

Doring(l8) of Berlin reported 600 cases in which

general anesthesia had been induced

since 1933 (this report

given in 1935) by administering intravenously "eunaroon".
In 1936, Thalheimer(l9)reported the use of l-methyl-5,5-allylisopropyl-barbituric acid (narconumal) in 500 cases with fair
results.
Each time a known anesthetic agent was introduced it
seemed that the

best one

possible had been discovered; how-

ever, most of these agents have been discarded later because
of untoward results in the

hands of experienced anesthetists.

However, evipal sodium and pentothal sodium are so definitely
superior to the drugs previously used that intravenous ares-,
thesia has been definitely established on a basis that seems
firm enough to insure a rather continued use of the method.(4)
In view of the outstanding promise of evipal sodium and·
pentothal sodium, the main emphasis will be placed on them in
this paper, other agents being alluded

to only in light of

some special usage or advantage of the

particular drl.£.

CHEMISTRY, PHYSIOLOOY
.A.ND

PHARMACOLOOY

'--.....,

.

'

./

Chemistry, Physiology and Pharmacology
Since this paper

is essentially concerned with the

more clinical aspects of intravenous anesthesia, only those
chemical properties of the

barbiturates which will ·more

easily clarify the derivation of these drugs, and how certain
chemical properties allow predictions as to the efficacy of
the drugs may be predicted, will be discussed.
attempt to show how research in these

Also, I will

drugs can more or less

be guided by the chemical structures of some of the barbiturates.

Only the barbiturates will be discussed as in light

of all investigation up to the present time, the barbiturates
have been responsible for present

important position that

intravenous anesthesia holds in the field of anesthesiology.
The main empha~is will be placed on Evipal and Sodium Pentotha1.(20)
"The barbiturates comprise an important and valuable
group of central nervous system depressants,

f-requently
!

prescribed by physicians and widely used by the laity.

These

drugs were first intorduced in 1903 by Fischer and Von Mering.
i

These compounds under the classification of barbitµrates are
all derivatives of barbituric acid.

Barbituric actd is malony-

luria, a combination of malonic acid and urea.
not a central depressant. u (20)
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Ur~a itself is
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The two hydrogens of
indicated in circles in

Barbi tur ic Acid
( Mal onylur ia)
barbituric acid which are
the foregoing formula are quite

reactive and can be replaced by various radicles.
the barbiturates employed clinically have

Most of

alkyl groups

substituted in the barbituric nucleus, but other radicles
can easily be inserted and two compounds (evipal and phanodorn) have a complex cyclic radicle replacing a reactive
hydrogen. ( 20 )
"Despite the fact that barbituric acid derivatives do
not contain a carboxyl group, they have acidic properties
due to the fact that the lactam form (-CO-NH) is in equilibrium with the lactim form· (-C( OH): N--';), the hydrogen of which
is readily dissociated, allowing formation of salts with
alkalis.

The value of this is obvious in light of the greater

solubility of salts, namely sodium salts.

This chemical fact

is made use of in both evipal and pentothal, both bei:ng administered as the sodium salt. 11 (20)
An entirely new series of barbiturates has been obtained
•

by the substitution of sulfur for the oxygen on the urea carbon.

The compounds which result from the condensation of

I

I
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thiourea and malonic acid are

known as

thiobarbiturates,

pentothal being one of these compounds.(20)
Representing the bivalent barbituric acid radicle
p
I

(Figure II) as R, we

N- C

may show the formulae

O=C

·of Evipal and pento(20)
respectively.

0

"' C /

"'

thal in Figures III
and IV

I
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Figure III

Figure IV

Throughout the research for different types of barbiturates, sever al relationships·

have been noted between

the chemical structure and pharmacological action.

It has

been found that both of the reactive "H's" of barbituric
acid must be replaced by alkyl or aryl groups in order to
obtain compounds with hypnotic properties.
the length of one or both alkyl side-chains

An

increase in

results in

enhanced potency and diminished duration of depression; but
if the side-chains substituted for the reactive hydrogens of
barbituric acid are too long

(i.e., over five or six carbon

atoms), the hypnotic potency degreases and

convulsive

10 -

properties may appear.
the

Alkyl groups attached to both of

"N" atoms also tend to yield convulsant compounds.

general,

In

the barbiturates with alkyl radicles are relatively

stable in the body, while those with complex cyclic radicles,
such as evipal, are unstable and readily destroyed.

Deriv-

atives of thiobarbituric acid are likewise rapidly decomposed
in the body and therefore. are
Compounds

short in duration of action.

with branched side chains

a brief duration of

are likely to manifest

depressant effects and unsaturation in

the side-chain tends to result in increased hypnotic activity.
Isomers may exhibit
ties.

quite different pharmacological proper-

For example, an anesthestic dose of amytal inhibits

the cardiac action of the yagus, whereas an equivalent amount
of its isomer, pentobarbital, apparently lacks

this effect.

The substitution of a phenyl ~or an ethyl radicle in barbital
is the basis for the specific anticonvulsant property of' phenobarbital in epilepsy.
body depends

The fate of the barbiturates i~ the

on their chemical structures.

For

example,

barbital and phenobarbital are excreted in the urine, whereas
amytal, pentobarbital, evipal and thiobarbiturates are largely
destroyed in the body.
in chemical structure of

It is thus evident that slight changes
the

substituted groups in the bar-

bi turic acid nucleus or the replacement

of the urea

oxygen

by sulfur affect significantly the action, fate and excretion
of the resulting compounds.{20)

.: 11 Gruber and Colose( 21 )made some of the most extensive
studies on the pharmaco~ogical and physiological effects
of the thiobarbiturates of which pentothal is a member.
Their work was done on experimental animals.
They( 2 l)found that pentothal usually decreases the
rate and depth of respiration in rabbits, cats,
monkeys.

dogs and

Large doses slowly injected or small doses rapidly

injected produce cessation of respiration before the heart
ceases to beat.

In monkeys and

respiration may occur

in some dogs, accelerated

during the injection of the drug.

This accelerating effect was only noted in those animals
which a marked fall in blood

pressure occurred.

It appears

that the accelerated respiratory phase is due in part, if
not entirely, to stimulation of the respiratory center by
the lack of circulation rather than by direct stimulation of
the center by the drug.

Work by Gruhzit( 2 2) and his assoc-

iates, again working on experimental animals, has confirmed
the results of Gruber and Colose(2l)as to the effect of thiobarbiturate(namely pentothal) on respiration.

Gruber and Colosi

also found that Evipal decreased both the rate and depth of
respiration.

Rather paradoxical is the fact that phanodorn~23)

which is quite similar to Evipal chemically in that they both
ha¥e a cyclic radicle substituted in the barbituric acid molecule, in therapeutic doses (not anesthetic doses) increases
the rate

of respiration.
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Gruhzit(22)and his associates found that with maximal
, tolerated doses the respiratory movements become extremely
, shallow, slow and irregular.

They concluded that the ease

with which the respiratory center is depressed constitutes
a weak point of Thiobarbiturate anesthesia.

Also they con-

cluded that of the two compounis, evipal and pentothal, the
latter depresses the respiratory center in animals more than
the former compound.
Burstein and Rovenstein( 24 )found that in human subjects,
respiratory obstructive symptoms, similar

to those herein

described for animals, have been observed following the intravenous administration of the shortBr acting barbituric acid
derivatives.

Menegaux( 2 5) in an extensive study of the action

of sodium evipal reports
of the glottis

that coughing, hiccuping and spasm

may occur during anesthesia w:tth .this df'ue;.:e

He cites the case of a young woman who after having received

5 c.c. of a 10% solution of sodium evipal suddenly ceased
breathing because of a severe laryngospasm; cyanosis developed
quickly and cardiac arrest followed.
that

It is noteworthy here

the respiration ceased before cessation of cardiac

activity.

At.tempts at artificial respiration were unsucces s-

ful, as were intracardiac injections of coramine, lobeline
and adrenalin.

In summary of the work of Burstein and Roven-

stein,(24) they found that

in cats the intravenous adminis-

tration of evipal and pentothal in anesthetic doses, causes

,·

- 13 the vocal cords to become adducted and the laryngeal
reflex becomes hyperactive and coughing
symptom.

They found

is a frequent

that therapeutic doses of adrenalin

are effective in relieving these respiratory symptoms, but
the action is transitory.

Neosynephrine was efficacious in

reducing laryngospasm and improving

respiration, but its

other actions seemed to contraindicate its use.
vagotomy ale o relieved the symptoms.

Cervical

The adduct ions of the

vocal cords and the active laryngeal reflex, occurring even
under deep barbiturate narcosis

are interpreted as being

due to a central vagal stimulating

action.

It is recommended

that medicaments of the atropine group be used before administration of barbituric acid derivatives in order to prevert
obstructive respiratory complications.

Treatment of obstruc-

tive respiratory ewmptoms during intravenous barbiturate
anesthesia should include tracheal intubation to establish
a patent airway.
Anderson and his

.

associates(23) found that therapeutic

doses by mouth in human subjects of barbital, ipral, neonal
and phanodarn tend to reduce oxygen consumption and tactile
discrimination, but increase the respiratory rate.

Amytal

and phenobarbital tend to increase oxygen consumption, except
in relatively high dosage.
Gruber

and his associates( 2 l) did some rather extensive

work on the affect of the thiobarbiturates and evipal on the

- 14 heart in experimental animals and came to the following
conclusions.
They( 2 l) concluded that
the unanesthetized

the heart rate is increased in

dog by the intraven·ous administration of

the thiobarbiturates and evipal.

If, however, the animal

heart rate is increased by whatever means the thiobarbiturates
and evipal

tend

to slow the already rapid ~eart.

They also

found that the thiobarbiturates, like the barbiturates,
to dilate the-heart.

tend

They found that the thiobarbiturates

cause alternate ventricular rate in the dog.

Similar changes

are noted in the rabbits, cats and monkeys tested.

In this

rhythm there was a prerna ture ventricular contraction alternated with a normal beat.

The P--R interval as shown by

electrocardiogram is definitely shortened.

This effect was

very slight in the cat, rabbit and monkey.

It was observed

that atropine sulfate has no effect upon the cardiac arrhythmia
produced by the thiobarbiturates; however, epinephrine restores
either temporarily or permanently the normal rhythm in animal
hearts rendered arrhythmic by thiobarbiturates.
Volpitto and Morangon1( 2 6) did the first work on human
cases in regards to electrocardiographic changes when intravenous ,anesthesia was used.

They found in seventeen clinical

trials, the electrocardiograms revealed no deviation from the
normal in the QRS, P--R interval, or T wave when either sodium

- 15 pentothal or

evipal (sodium) was employed intravenously

to produce surgical narcosis.

Also, they found that pre-

liminary medication with morphine

sulfate, with atropine,

or with the two combined, affected the heart by prolonging
an increased rate.

Patients receiving atropine showed this

effect constantly.

Also that epinephrine hydrochloride or

ephedrine sulfate given intravenously in small amounts at
the height of thiobarbiturate anesthesia did not
cardiac irregularities.

cardiac

present were not altered by the

precipitate

irregularities already
drugs used in this inves-

tigation.
Gruber and Colosi( 21 )·found that both Evipal

and

pentothal if rapidly injected intravenously cause marked
falls in general

blood pressure.

If however, the drugs

were injected slowly the blood pressure remains normal or
may even rise.
Bouckaert and

Heymane( 2 7)demonstrated

a suppression

of presser-receptor vasomotor reflexes in connection with
the carotid sinus. Along this same line, Nomura( 120 )round
the intestinal blood vessels to be dilated both in "vivo"
and in "vitro~.

In light of the above, Tatum( 29) concluded

that the drop in blood pressure observed in the intravenous
use of the short acting barbiturates was due in fact to vaaodilatation.

Werner(30) in studying evipal and pentothal

observed that in the use of these two drugs as a method of

/

- 16 inducing anesthesia by the
was more

intravenous route, that evipal

prone to produce an acute fall in blood pressure

than was pentothal when given to rabbits.
Pharmacologically speaking, the

anesthetic property

of the barbitals, and more recently the thio-barbiturate,
is the most significant action in so far as this paper is
concerned.

The brain is the chief site of action in that

hypnosis and amnesia and in overdosage, anesthesia and coma,
are the commonly expected dominant effects. ( 29 ) Masserrnan(3l)
on the basis of electrical stimulation of the anterior hypothalamus, found that the barbiturates ( amytal) caused a
depression or diminution of_A!'eactivity of this region, while
after small doses, the motor cortex was rela ti ve.ly unaffected.
On the

other hand,

Fulton

and Keller<3 2 ) saw depression

of the cortex after nembutal (pentobarbital) prior to depression of the hypothalamic centers and explain on this basis,
the period

of excitement so often seen in laboratory animals.

I might say, that in reviewing

the literature for this paper,

that clinically, no such excitement stage has been observed
with the use of pentothal and evipal.

This may quite possibly

be due to the rapidity of the action of these two drug~, and
therefore this stage of excitement may be so rapidly passed
through, that it is.not obeerved clinically and would therefore
in no way invalidate the basis on which Fulton and Keller( 32 )
drew their conclusion thqt the motor cortex was the first
region in the brain affected

by the barbiturates.

- 17 Marshall and his associates(33) on the'Jbasis of a study
of regions of action of certain relatively effective analeptics, give indirect evidence also pointing to the b~sal
ganglion and

hypothalamus as being the region of greatest

susceptibility.

Tatum(29) states that

on account of rel-

atively specific functional susc~ptibility of certain
cells to appropiate chemical agents, chemical recovery of
these agents leads to equivoual results.
claim to have

The Kecsers(34)

demonstrated a higher concentration of

barbiturates in the hypothalamus than in other parts of
the brain.

Koppanyi and Dille,(35) however, claim that

barbital occurs in the
other parts.

Thus, the

same concentration

here as in

determination of points or regions

selectively affected appears to require functional rather
than chemical evidence.
Schriever and Perschmann(36) infer that barbiturates
act upon the basal ganglion and

hypothalamus owing to the

effective antagonism of picrotoxin am the relative localization of the latter drug to that region of the cerebrospinal axis.
It will be obvious from the

above that the exact site

in the brain at which the barbitals and thio-barbiturates
have their action is as yet undecided and quite controversial.
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One of the most important factors vvith any anesthesia is its affect on intestinal activity.

The effect

of the shorter acting barbiturates on intestinal activity
in "vivo" was studied by Burstein. (37)

He used eight

dogs prepared with Thiry-Vella loops of the upper jejunum.
A balloon was inserted in the jejunal loop in order to
record the activity.

Respiratory traci~s by means of

a

pneumograph applied about the chest were simultaneously
recorded in order to rule out the possibility that the
tracings taken from the balloon were not due to transmitted
respiratory movements.

The drugs used were evipal, amytal,

sodium thio-ethamyl, nembutal and pentothal.
a

5%

In each case

solution was freshly prep~red and injected slowly

intravenously until the lid reflex disappeared.
varied from.30-60 mgm/Kgm of body weight.

The doses

In every case

of the drugs used, when injected intravenously there was

.

an immediate depression of rhythmic intestinal contractions
and tonus.

This primary effect, however, was transient and

was succeeded by a more

prolonged

phase characterized by

an increase in both intestinal contractions and tonus.

The

immediate depression phase in these experiments lasted from
5 to 15 minutes and then therev.rwas a gradual rise in general

tone to above normal and an increase in rhythmic intestinal
contractions which were maintained

until the animal awakened.

Gruber(-44) states that in his observations the barbiturates

- 19 in general cause a depression of intestinal, uterine
and ureteral muscle in "vitro" as observed by him.
and

Kolb

Langworthy( 38 ) observed that the barbiturates depress

the urinary bladder stretch reflex of the cat and prevent
a sustained vesicle contraction ·when filling was complete
(neither evipal or pentothal used here).

f.he doses used

here were not of anesthetic strength.
The barbittrates( 2 0) apparently have
on normal renal function.

no direct effect

Urine formation, however, is

influenced in at least two ways.

Large doses of barbiturate

have an antidiuretic effect and can inhibit diuresis.

Avail-

able evidence indicates that this action is probably a central one on the hypophyseal-pituitary system.( 2 0) It is
not peculiar

to barbiturates,( 2 0) however;

noted with other central depressants.

it is also

The barblturates( 2 0)

can also affect urine secretion indirectly through the
circulation.

The hypotension( 20) which characterl zes over-

medi cation with barbiturates results

in oliguria or anuria

and interrupts an important channel for excretion of these
drugs.

In the case

of pentothal and evipal the latter

statement does not hold true as these drugs are dependent
on liver

function in the main

and not the kidneys.

The

above statement has not been proved.
Horsley(39) made studies

on the

effect of anesthetic

doses of some short acting barbiturates on the cerebro-spinal
fluid pressure.

A hundred human subjects were used.

The

- 20 -

pressure was taken by means of a calibrated, vertical
glass tube manometer.

The

r,atients were placed on the

left side with the head supported at the same level as the
lumbar spine.

Three drugs were used;

pentothal and nembutal.

namely, evipal,

His results showed that there

was an abrupt fall at the onset of narcosis, succeeded by
a slow rise, with a second fall at the moment of waking.
This effect was found in 99% of Horsley's cases, the
single exception being paradoxical.

It depends

on full

narcosis and was absent with subhypnotic doses of barbital.
It is suggested by this study that the cerebrospinal
pressure

is controlled

by

a central neural mechanism.

Houbetz and Blackberg( 4 0) in a study of blood sugar
levels during pentothal anesthesia found a definite elevation of blood sugar during administration of pentothal.
The clinicopathologic observations of Mallinson< 41 )
have demonstrated no significant changes in blood sugar,
nonprotein nitrogen, uric acid, creatinine and hippuri c
acid tests following sodium pentotbal anesthesia.
Smith( 42 ) found that during pentothal anesthesia the
blood flow was markedly increased and the t001perature of
the skin of the extremities was elevated from two to three
degrees, unless peripheral vascular disease existed.
Full information concerning the fate of each individual barbiturate in man is not yet available.

The body

possesses two methods of eliminating the drugs, i.e. destruction

- 21 -

in the liver and excretion through the kidneys.

A few

barbiturates are largely excreted; others are completely
destroyed within the

body and still others are pg.rtly

excreted and partly destroyed.

The fate of a particular

barbiturate evidently depends on its chemical configuration
but one cannot predict from chemical structure exactly how
the drug will be handled

by the body.

the thiobarbiturates and those

In general, however,

with complex cyclic radicles

such as evipal are less stable and are almost completely
destroyed in the liver.(20)

This latter

point.in specific

reference to pentothal, has been backed up clinically by
several anesthetists,( 43) ( 44 ) who have observed in several
cases, in which pentothal was used as the anesthetic, a
prolonged anesthesia period.

The noteworthy point here

is., that these were cases with known hepatic damage.
above evidence,

The

which points to the liver as the site of

detoxification of pentothal,

has as yet not been con-

vincing enough to establish this point.

Scheifley and

Higgins( 4 5) removed 70% of the liver of each of a group
of nine

rats and observed that the duration of the action

of pentothal sodium was not infl. uenced by this partial
nepatectomy.

They( 4 5) found also that unilateral neph-

rectomy did not affect the action of the drug. Clinical
obaervers·, namely Carraway, ( 46 ) have shown that patients
with hepatic damage require full doses of pentothal sodium
for narcosis.
•

From the above it can be readily seen that

- 22 the fate of pentothal in the body and its excretion is
not known for certain.

Again

in reference to possible

effects that pentothal might have

on the liver, Reynolds

and his associates( 47) after giving comparatively large doses
of pentothal to mice, found areas of focal necrosis in 'the
livers of nineteen out of twenty animals.

These authors,

however, make no mention of metabolic control or oxygenation during anesthesia. Other investigators( 4 6)( 4 0)( 4 8)
in experiments upon mice, dogs

and monkeys have found no

liver changes other than the mobilization of glycogen and
its temporary replacement

by fatty infiltration,

a change

Which occurs in all general anesthesia.
Marshall( 49 ) mentions the administration of sulfanilamide as a contraindication to intravenous
thesia.

pentothal anes-

Adrian1(50) in investigation with rats to which

sulfanilamide had

been given, found

that subanesthetic

doses of pentothal became anesthetic, and that doses that
were anesthetic to untreated animals were usually lethal
to the sulfanilamized group.

Lundy(5l) reported that

jaundice and general malaise have been observed clinically
after the concurrent use of the two drugs.
worthy(52) and Smith(53) report the
tothal to patients

However, Nos-

administration of pen-

to whom sulfapyridine had Qeen given

in large doses without demonstrable

111 effects.

- 23 Grukzil and his associates( 22 ) studie4 the toxicity
and anesthetic

effectiveness

urates and thio-barbi tu rates.

of several of the barbitHere we will only consider

their findings in respect to pentothal and evipal.
work showed that there

Their

is a tendency for the thio-bar-

biturates to be more toxic in comparison to their oxygen
homologue s such as evipal .,
convulsant or

Some of the compounds possessed

irritant properties.

Comparison of ratios

of maximal tolerated dose (M.T.D.) to the minimal anesthetic
maximal tolerated dose
indicates that some
minimum anesthetic dose
of the thio-barbiturates (pentothal) possess a higher
dose (M.A.D.)

degree of anesthetic power than others and appear more
effective than their oxygen homologues.

Also, the thio-

barbituraterpentothal, was much less toxic than the other
thio-barbiturates studied in this

paper and that there was

but little difference in the toxicity and anesthetic power
between pentobarbital and its sulfur containing derivative,
pentothal.
The M.T.o. for evipal and pentothal was found to be
M.A.D.
7.5 and 4.5 respectiv~ly in rats and 4 .. 5 and 3.8 in dogs.
In further comparing evipal and pentothal they found that
although pentothal was

twice as toxic as evipal, its

effective anesthetic dose is only about one half that of
evipal.

They found also that intravenous administration of

- 24 either pentothal or evipal induces almost instantaneous
anesthesia, which is brief in duration and quiet in recov-

•

ery.

They found that anesthetic doses in animals following

intravenous administration caused considerable congestion,
stasis and often hemorrhages in lungs, liver, kidneys and
central nervous system.
Brush( 54 ) found that the apparent ionization constants
of the hypnotic phenobarbital, barbital, amytal, pentobarbital and evipal have been determined.

From these the hydroly-

sis of the sodium salts and the acid salts ratio at the pH
of the blood have been estimated.

These values are such

that there is no apparent correlation between them and
rate of onset of anesthesia. '

* * *

the

TECHNIQUE OF ADMINISTRATION

Technique of Administration

•
Since pentothal is the most widely used intr,..;,vJnous
anesthesia used in this country and since J.

s.

Lundy of

the Mayo Foundation has doneI the most work with this drug
and first introduced it, it seems advisable to describe
his method of administering this

drug and any :peculiar

characteri sties that he has noted in regard to its administration.
Lundy{5) stresses the

importance of the fact that the
I

original technique that was advised in the use of evipal
soluble was to inject a quantity of

solution suffi cl ent

to produce anesthesia, then to inject a similar amount
because it was assumed that the

patient cwld

tolerate at one time twice the amount of the

safely
drug necessary

to produce anesthesia, and finally to withdraw the needle.
He states that it was only because of

the inherent virtue

of the drug itself that it was able to survive
Lundy thought because of

this abuse.

the evanescence of the drug that

it would be well to administer the drug intermittently.
This is the method he now uses and

he thinks that it is

preferable.
In the early use of these drugs(5) they were administered
in solutions of 10% concentration.

Occasionally, the patient

complained of soreness at the site of the injection, especially
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- 26 if some of the drug had been injected eNtravenously.
There occasionally was clotting

of the blood in

needle, but Lundy used pentothal in

5% solution and

avoided those conditions, in all except
a vein was used on the back of the hand.
the erythrocytes

5%

one case where
Microscopically

are apparently unharmed after blood has

remained in a syringe for
a

the

a period of

hours with either

or 10% solution of pentothal.
"The skin( 5 ) is surgically prepared and venipuncture

is carried out at a place which permits the anesthetist
to be away from the operative

field and in a position to

observe the patient's respiration.

anesthesia, there

In

every method of

ie a part of the technique which may

be difficult in certain cases.

Obviously, with intra-

venous anesthesia, venipuncture is essential and in those
cases in which patients have veins that are not suitable,
the method may be contraindicated.

Because of the diffi-

culty that might be encountered in inserting the needle
into the

vein, the technique of venipuncture must be

mastered bJ the anesthetist in order
of times that
method.

to reduce the number

he otherwise would be unable to use the

The techni•que of venipuncture applies not only

to intravenous anesthesia but also to intravenous medication
and blood transfusion.
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"A. dorsg,l metacarpa1{5) vein on the back of the hand
is often convenient to use although venipuncture may be
easier at the elbow, using the median basalic vein or the
median cephalic vein.

When a

vein at the

elbow is to

be used, an arm board may be used with a strip of adhesive
tape

over the patient's wrist and around the board to keep

the patient from bending his arm.
may be used.

various types of drapes

Towels are usually employed, although a thick

drape with a perforation about two inches in diameter is
,
useful. Occasionally it may be desirable to use a vein in
the ankle.
tion must

In such instances,
be kept informed

the

one injecting the so1u-

by the individual sustaining

the patient's jaw if respiration becomes too greatly depressed
:: '., atvany time.

The anesthetist, when administering an intra-

venous anesthetic in a vein of the ankle, has difficulty in
watching the motion of the cotton butterfly overlying the
patient's nostrils as the patient's head is out of sight,
when a mirror is not

available.

his fingers once to let the

The

anesthetist may snap

attendant at the head of the
t

table know that he wants to be sure the patient is breathing
properly.

The attendant then holds a hand above the drapes

and bends a finger to simulate the motion of the cotton
batm aaito rate and degree.

When a vein in the ankle is

being used, it is important to know whether or not varicose
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veins are present.

If they are, care must be exercised

to massage the ankle toward the knee to speed the passage
of the drug into the general circulation; otherwise an
overdosage may be administered suddenly.
"When surgical anesthesia(5) is produced, respiration
is considerably depressed, and ln an attempt to minimize
this depression, various respiratory stimulants have been
incorporated in small amounts in the anesthetic solution
in 1395 cases of Lundy's.

One of the stimulants is cora-

mine, which is a 25% sol1.Jtion of pyridine alta-carbonic
acid diethylamide.
containing

One cubic centimeter of coramine,

250 mgms. of pyridine beta~carbonic acid diethyl-

amide, is added to each gram of pentothal sodium.

A resp-

iratory stimulant is used particularly in those cases in
which preliminary medication has been administered.

Pre-

liminary medication usually consists of the administration
of 1.5 gms. of pentobarbital sodium (Nembutal) by mouth
and the administration of 1/6 grain of morphine
and 1/150
operation.

grain of atropine hypodermically one hour before
In order

suggests that a

to know that the airway is free, Lundy

piece of cotton be tap~d to the upper lip

and its motion be a guide
tion.

sulphate

to-rate and

degree of respira-

Absence of motion of the cotton indicates that resp-

iration has been depressed to an undesirabl~

degree or

- 29 that the airway is not

free.

Lundy states that he

attempts to administer the anesthetic slowly enough so
that the motion of the
that when

cotton is not stopped.

He feels

this is accomplished carefully, the use of the

drug in properly selected cases is relatively safe.
11

When the anesthetist( 5 ) has no assistant available

to sustain the patient's jaw, various devices have been
suggested to permit intermittent administration of the
drug and yet leave the anesthetist's hands free most of
the time for duties other than the actual injection.
Lundy states that he has not found

such devices necess-

ary as he prefers to have an experienced individual in
charge of

the syringe as well as to sustain the jaw.

His method of preparl ng the solution is first

to aspir-

ate the respiratory stimulant into a 20 cc. syringe, then
to aspirate about 10 c.c. of sterile distilled' water into
the syringe and to discharge this mixture into the ampoule
containing 1 gm. of

pentothal sodium.' In

a few moments

the drug is dissolved and this mixture is then aspirated
into the syringe, following which an additional amount of
sterile distilled water, sufficient to bring the contents
of the syringe to 1915 c. c., is aspirated, using a long,
large bore needle to facilitate reaching to the bottom of
the large ampoules.

The 11arge ~eedle is then replaced

with a 20 gauge, short bevel, 1½ inch needle.

This small

- 30 needle is capped with the empty sterile ampoule which
contained the

reip iratory stimulant in order to pro-

tect the needle when it is carried from plac~ to place
before the injection is made and also to·indicate the
kind of respiratory stimulant in the solution so that
it is easily recognized by whoever administers the drug.
Lundy prefers to use
tip.

a glass syringe with an eccentric

The golden color of the solution, which is easily

seen, is attributable to the sulfur in the pentothal sodium
and it is an aid in recognizing the content of the syringe.
There is also a definite and characteristic odor to the
solution.

Occasionally a patient will mention an unusual

taste in his mouth during the first part of the induction
period.
"Because of the short period of induction( 5) of anesthesia with pentothal sodium, injection of

the drug is

not begun until just before the incision is made.
· desirable to have the bladder and rectum empty.

It is
If any

stomach contents are regurgitated into the throat, laryngeal
spasm may develop, and if it does, difficulty will arise in
ventilating the patient.

Although it is possible to shorten

the period of induction to ten seconds, it is safer in most
cases to take at least thirty seconds to induce anesthesia.
Within that period of time, the anesthetist will have discovered the probable tolerance or resistance of the patient
to the drug.

From 2 to 5 c.c. of a 5% solution of pentothal

- 31 sodium is usually sufficient for induction of anesthesia.
Occasionally as much as 0.5 gm. is required.

Lundy usually

precedes the injection by aspirating 0.5 c.c. of blood into
the syringe to test the sufficiency of the venipuncture.
He then injects 1 c.c. of solution to prove that the vein
has been properly entered and to see that an extravenous
injection will not occur.

Occasionally, this small dose has

been almost enough to produce mild surgical anesthesia in
an aged, infirm, small person.

After

a period of a half-

minute or a little less elapses following the injection of
1 c.c. of solution, Lundy feels the anesthetist has some
information concerning the probable effect of small quan-

tities of the drug on the patient.

The patient is asked

to count as soon as one has finished the injection of the
first dose of 2 or 3 c.c.
ten.

Most patients count at least to

If there is no apparent effect at the count of fifteen,

1 c.c. of solution is injected and if the effect is still
mild, another cubic centimeter is injected on the count of
twenty and so on, injecting another cubic centimeter on tl'B
count of twenty-five and perhaps another on the count of
thirty.

When counting ceases and the patient is well asleep,

the surgeon should test the skin with a sharp knife before
the"actual incision is made.

If the patient responds to

the stimulation of the incision by moving or phonating, one

- 32 or two additional cubic centimeters of the solution of
pentothal sodium should be administered.

Once anesthesia

has become established and the incision has been made, it
is not difficult to maintain anesthesia by injecting 1 or
2 c.c. mf the solution whenever the patient phonates or
moves.
"In deep anesthesia,(5) respirations are shallow and
when anesthesia is light, respirations are deep.

One can

be guided by the depth of respiration as to the rate of
injection of the solutirm if it is advisable to vary the
depth of anesthesia but little during the operation.

When

the syringe has been emptied and more pentothal sodium is

required, Lundy disconnects the syringe from the needle
without removing the needle from the vein and attaches
another syringe containing an additional amount of solution and continues to maintain anesthesia.

If the

patient

becomes cyanotic, no time should be lost in administering
oxygen or oxygen and carbon dioxide in order

to be sure of

avoiding serious untoward results.

operation is

When the

completed and the needle is withdrawn from the vein, apply
a dressing or better, simply apply mild pressure with an
alcohol sponge to the site of venipuncture until hemostasis
occurs.

The largest dose that was used in Lundy's series

were used in brain operations.

In one case, 2.2 gms. (33 grs.)

- 33 was used and in another, 35 ~rs. or 2.3 gms.

The operation

in each case lasted about three and one-half hours.
''The pharyngeal reflex( 5 ) is not g~eatly diminished
durinr, anesthesia with pentothal and if one wishes to use
the druc,; for operations on the throat or for instrumentation,
such as bronchoscopy, the throat should be anestl',e:Jtized with
a local agent, just as if a general anesthetic agent were
not to be used.

When this has been done, one often finds

pentothal to be a suitable general anesthetic to supplement_
the effect of the local anesthetic.

Because

a collection

of mucus or secretions in the throat would interfere with
respiration, the administration of atropine with the preliminary medication is important in many cases.

Lundy bas

noticed that the urine of an ambulatory patient

is highly

colored following the intravenous administration of pentothal sodium and it has an odor like that of the original
solution.
"If pentotha1(5) is to
patients,

be administered to amtulatory

the patient should be made to lie down for a

sufficient period of time until he can walk without staggering.

He should be accompanied by some responsible person

and should be treated as though he were
with alcohol.

mildly intoxicated

- 34 "There are patients(5) who display certain

undesirable

reactions to the anesthetic such as tremor, sneezing, coughing and hiccoughing.

In almost all instances- these undesir-

able results occur.in the induction period rather than in
the period of maintenance.

For example, sneezing, coughing

or hiccoughing seldom have occurred after the administration
of the first .5 gm. of the drug.

However, if these symp-

toms persist beyond this point, it is probable that the
patient is unsuited for this anesthetic.

In the choice of

any anesthetic agent, one must modify that choice according
to the patient's tolerance for the agent chosen, and lf the
patient does not tolerate the agent well, it is wise to
change to another agent or method.

A respiratory stimulant

may not be necessary in all cases, but as yet, according
Lundy, only a few patients
the combination.

- did not

to

respond well to

Picrotoxin has also been us ed.

Lundy· adds

3 mgm. of the drug to each gram of pentothal.

It has seemed

to be almost as satisfactory as has coramine.

In a few cases in

which 2 c.c. of metrazol was added to 1 gm. of pentothal,
the results were not as satisfactory as,were those obtained
with the other two stimulants."
Towell and Garofalo(55) use the intermittent method of
administering pentothal and differ but little from Lundy's
method.

They advise nembutal (pentobarbital sodium) as a

- 35 preliminary medication and also atropine, but advise against
morphine.

As regards the recovery from this type of anes-

thesia, they( 55 ) state that it is not
with restlessness or hallucinations.
rarely occur.

The duration of

usually associated
Headache and vomiting

the recovery period depends

on the preliminary medication that has been given and upon
the amount of pentothal that was administered.
more:~rapid than with other

Recovery is

barbiturates now in clinical use.

The patient awakens as from a refreshing sleep.
period of inebriation may be manifest.

A short

Following this, the

patient's mentality clears quite readily.

An ambulatory

patient should be requested to rest for 1-2 hours after
operation,

and upon leaving the hospital should be accom-

panied by some responsible person.
They state( 6J that the cardinal signs of overdosage
are imperceptible respiration and, later, cessation of
respiration accompanied by development of cyanosis.
The pulse remains strong and steady until asphyxia
occurs.

The administration of

pentothal should

be dis-

cQntinued, an airway should be established, oxygen under
controlled pressure should be given, intubation should

be

done if necessary and it may be necessary to administer
respiratory stimulants.

·--

Some patients display certain less
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serious reactions, such as tremor, coughing, sneezing and
hiccoughing.

These reactions are undesirable but usually

they can be eliminated by temporarily withholding further
injection of• pentothal.
He says that the
obviate these

Lundy,5) disagrees with this.

patient should be "put

undesirable reactions.

down" deeper to

Towell and Garofalo(55)

state that if atropine has been administered previous to the
pentothal injection, these reactions seldom occur.
Heard(56) agrees with Garofalo and Towell,that morphine
is contraindicated as a preliminary medication to the giving
of pentothal. He( 56 ) says that morphine should be avoided
as it materially increases the respiratory depression without giving very muc~ increase in working time.

Heard feels

that morphine undoubtedly adds to the danger, without giving
sufficient increase in relaxation to justify its use.

Also

Heard feels that it is illogical to use any other barbiturate
before this (pentothal) very potent member of the same group.
He believes it is much safer to give enough of the one .drug
to get its full affect than to combine a small dose with
another depressant.
Heard's( 56 ) method is to inject 3 c.c. of a 10% solutinn
fast (7-15 seconds), followed by a pause of 45 seconds.
puts the patient

11

down" in from 7-20 counts.

relaxation, hence the 45 seconds pause.

Sleep precedes

After this 1 c.c.

is injected as soon as relaxation is not sufficient.
"-·'

This

Heard
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says the jaw is a very valuable indicator and that
relaxation of the jaw goes hand in hand with abdominal
relaxation.

Heard noted that a slight tightening up of

the jaw occurs 30

to 60 seconds before spasm of the

abdominal muscle returns.
tion is obvious.

The importc:nce of this observa-

Heard says that if 1 c.c. of pentothal

is injected at the moment any relaxation is lost from the
jaw, that the patient's relaxation will return so fast that
the surgeon will not be cor:ecious of any interruption in
relaxation in his field.
Heard(56) was one of the first to use a method, whereby the anesthetist could administer an intravenous anesthesia and still be able to be at the patient's head.
Heard's method consisted of ·placing an iron ring stand on
the s~de-arm board perpendicular to the

board.

He attached

two 20 c.c. Luer syringes to this iron stand and connecting
the two syringes with a common rubber tube.

In this system

he employed three valves, one for each syringe and one
the common tube.

in

He put a 10% pentothal solution in one

syringe and a normal saline solution in the other.

The

common tube was connected with the needle in the vein.

By

this set up, the anesthetist was able to sit at the patient's
head and have complete control of the
to give the anesthesia intermittently.

patient and yet be able
Another advantage of

this method is that the saline solution obviates the possibility of the needle clogging.

- 38 Solkow( 57) and his associates devised a new method
by which they sought to overcome the disadvantages encountered in Lundy's(5) method.

These disadvantages were:

"(l) loc3,l phlebitis as a result of the 5% solution,
(2) clogging of the needle as continuous flow not used,

(3) size and cut of syringe may cause the needle to be dislodged, allowing some of the pentothal
solution
.
.

to be

extravasated into the subcutaneous tissue with a resultant
tissue slough, (4) overdosage with a

5% solution, (5) anes-

thetist is occupied with injection and is therefore unable
to adequately meet emergencies which might arise with the
patie·nt. 11
Their(57) method consists of using a 1/5 to 1/2% solution.

This is given by intravenous drip, the flow being

regulated by a clamp.

The clamp is placed withimneasy

reach of the anesthetist.

At the begin~ing of anesthesia,

the fluid is allowed to run fairly rapidly.

The patient

is seen to fall asleep quietly and gently as contrasted to

the abrupt effect so closely resembling a "knock-out" punch,
which is characteristic of the injection of the more concentrated solutions.

The ratecof injection is then slowed and

adjusted to the needs of the

patient.

Thus by this method

a smooth, continuous anesthesia is obtained and the anesthetist is free to attend to the patient or to administer
any inhalation agent which may be required.
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Adams, (SS) of the Iviayo Clinic, recently described
methods ,of administering an intravenous anesthetic, one of
which is a modification of the old needle and syringe
method, the other a method whereby the anesthetist could
be free to give an inhalation anesthetic or give oxygen,
and yet be able to administer the

intravenous anesthetic.

The former method consists of using
Luer-Lok syringe with the

a go c.c. glass

ru tlet offset, or

eccentric,

to facilitate venipuncture and a 20 gauge, l½ inch intravenous needle.
placed a

Between the syri:rge

three-way stopcock, from_

and the needle ie
the side opening of

which a tube is connected to a bottle which contains a
reserve supply of

a

This bottle is fitted
Inserted through the

solution of pentothal sodium
with a rubber cork

(2½%).

and screw ring.

cork are two 13 gauge Luer-Lok needles,

one short to act as an air vent, and the other extending to
the bottom of the bottle to which is attached the distal end
of the delivery tube.

The various

connections are of

Luer-Lok variety and the needle which acts as

the

the air vent

is fitted with a Luer-Lok stopper to prevent contamination
and leakage of the solution.

All the apparatus may be ster-

ilized by boilini.
Before administering
filled with 60 c.c. of

the anestretic,

the

bottle is

pentothal, the syringe holds 20 c.~

giving'So c.c. or 2 grams of pentothal which is away and

- 40 above the usual amount needed.
this method is to prevent

The obvious advantage of

the inconvenience of refilling

the syringe which was necessary in the older procedures.
The other rre thod designed by Ada.ms(5S) allows the
anesthetist to be free to give supplementary inhalations
of anesthetics or oxygen, besides giving
anesthetic.

The same

the intravenous

type syringe and needle as used in

the method described above are

used in this method.

The

needle is connected to a length of stiff-walled, small
caliber rubber tubing similar

to that used in continuous

spinal anesthesia, by a Luer-Lok attachment and
end of the tubing is connected in
a one-way Luer-Lok valve
the pentotnal solution.

the other

a similar manner through

to the syringe which contains
The tubing ia'attached to the

loaded syringe before it ls connected to the needle and
sufficient solution is injected from the syringe to fill
the tubing.
of

The needle ls inserted against the direction

the blood flow.

Adams says that if an

on the volar surface of the forearm or arm'

accessible vein
is available,

its use is preferable to one over the elbow, since there is
less danger of displacement of the needle
Adams sugge.sts that

this method might

from the vein.

be of

some mill tary

value in that it necessitates only one anesthetist.
There have been two important changes in technique of
administration developed in the past

few years, namely the

41 use of a less concentrated solution and the

concomitant

administration of oxygen.
1

In regard to the former, it has been found that the

incidence of phlebitis in the vein receiving the solution
is directly proportional to the concentration of the drug(5l)
(1 case in 1000 vvith -the use of 5% solution; 1 case in 3,000
,with 2.5% solution).

A concentration of 5% or 2.5% is usually

employed for iniuction of anesthesia while a 2-5% or 1.25%
solution is used for subsequent injections.

As a rule, 4 to

8 c.c. of a 2.5% solution is required for induction of anesthesia with the additional administration of 1 to 2 c.c. as
the indications arise.< 93 ) A total dosage of 1 to 2 grams
is usually sufficient to maintain adequate relaxation for
an hour's anesthesia.(93)

The use of as much as 3.15 grams

.has been reported(3 2 ) during an anesthesia
fourth hours
It

d'f

five and one-

for

a neuro-surgical procedure.
has been found( 4l) ( 6 l) (6 2 ) (63) (49) (64) (65)

that the concomitant use of oxygen and pentothal permits
the maintenance of a depth of anesthesia allowing complete
muscular relaxation and makes intravenous pentothal more
widely applicable
in regard
stress

in various surgical procedures.

to muscular relaxation,

Also,

Rivetto and Quagle(77)

the fact that even light anesthesia gives good

muscular relaxation if the surgeon is not rough in handling
these structures.

~
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There is a wide difference of opinion in regard to
the proper premedication

for intravenous anesthesia.

In

reviewing the literature on this

subject,

only one

upon and that is the

point generally agreed

I have found

use of atropine sulfate routinely in premedication.

It is

agreed that atropine tends to minimize excessive tracheobronchial secretions,

and, by decreasing vag_al tone, to

act as a prophylactic agent against transitory hiccoughing,
sneezing and laryngeal spasm which have been

observed

infrequently during the induction of the anesthesia.( 66 )( 46 0
( 67) ( 68) ( 69) (70) (71 )~72)

Al though the preoperative seda-

tion with a heavy barbiturate and an opiate is considered
generally to be desirable, many anesthetists prefe~
nothing besides

to use

atropine preoperatively in order to avoid

undue depression during and following bperation.(59)
Because of the absence·of any proved pathology attributable to pentothal, or any toxic effects other than respiratory depression, it would seem

pertinent

to discuss the

antidotes for respiratory depression in pentothal overdosage.
In general, any of the various respiratory stimulants such
as picrotoxin, coramine, alpha-lobeline, metrazol, oxygen
and carbon dioxide may be used, and in many instances appear
to be "specifics" for pentothal overdosage.

That

this

may

not be the case in every instance was sounded by Mal ore y }73)
who demonstrated that stimulating doses of coramine and
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metrazol, administered to barbitalizcd rabbits, caused
a transitory arousal at certain dosage levels, with
death from depression in others;
coramine or metrazol,

in

when combined with barbital,

increased the duration of narcosis
controls.

every instance

over that of the

Picrotoxin1,while r~ported to be the most

effective antidote for Pentothal, is not without its
dangers.(74)(75)

This danger lies in that with its use

there is a dangerous depression

of cortical activity

which comes on .just before the onset of convulsions.(75)(76)
The value of artificial respiration must not be forgotten
as it is the simplest and

most easily available method

for combating any respiratory depression.
In general,
techniques of

there are two rather

widely accepted

administering intravenous anesthesia,

namely the intermittent

injection

method and the con-

tinuous administration.

The former method was introduced

by Lundy(3) in 1936 and has many advocates and more
recently, the continuous method has gainedcsome favor.( 67 )( 57 )
( 68) ( 77)

* * *

CLINICAL USAGE

Clinical usage
This section, as the title indicates, will attempt
to point out the fields in which intravenous anesthesia
is applicable and to give some observations and statistical data from different

men in their

respective

fields.
Lorhan( 78 )and his associates in reviewing the diff.erent anesthetics for ophthalmoloBiC

procedures give the

following advantages and disadvantages of the different
types of anesthesia:

....

"Local anesthesia meets the require-

ments of the surgeon, but the patient is only given slight
consideration, for as the operation

progresses the patient

becomes restless and does not cooperate; general anesthesia
with the

gases and ether

is very satisfactory, but the

anesthetist with his equipment is frequently in the way of
the operator.

Patients

induction of anesthesia
field.

have occasionally vomited during
and have

thus contaminated the

Intratracheal anesthesia has been found very satis-

factory, but the depth of anesthesia necessary for intubation is at times hazardous to the patient.

Intubation may
I

also result in trauma to the cords and irritation of the
larynx, so that the
after operations.

patient may complain
Cyclopropane

of a sore throat

is contraindicated when

the cautery equipment is to be used for fixation of the
detached retina."
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Lorhan( 78 )states that "the evolution of the ultrashort acting barbiturates opened the field of intravenous
anesthesia and haar, provided the

anesthetist with a

method which has proved safe,

dependable and ~sentially

free from

these agents are adminis-

complications when

tered by experienced physician anesthetists.

The use of

pentothal sodium in eye surgery offers the anesthetist,
ophthalmologist and patient

an ideal anesthetic as it

alleviates the psychic factor in the patient •
thetist has a safe and controllable anesthetic.
greater advantage that

The anesThe

'
pentothal sodium
has to offer to

the ophthalmolog'ist is that the eye looks straight forward in almost all cases and does not move during the
operation.

In every other general anesthetic there is a

jerking of the head at every breath.

The surgeon need not

depend upon the cooperation of the patien~ who is pleasantly relieved of any anxiety and discomfort."
Durshordwe(79)first used- pentothal for neurosurgery
in March of 1940.

It was

tin and local anesthesia.
very gratifying.

used in

combination with aver-

He states that the results were

He says that since that time, there haa

been a gradual swing to }his type of supplemental anesthesia until now, practically all cases requiring
ther agent are given pentothal.

any

fur-

He uses a three valve set-

up similar to that described by Heard,(56)only instead of

- 46 a syringe with saline, he substitutes a liter bottle
with saline whereby intravenous saline may be administered
during the operation to maintain the patient's fluid intake.
He uses a

5%

solution as it is diluted by the normal saline.

By this method Durshordwe says that the pentothal can be
easily,

He(7 9 )

quickly, safely and accurately administered.

also noted that avertin and sodium pentothal have synergis-.
tic action.
Eversole(80)advisee the use of pentothal sodium

on

all

operations about the head lasting not more than thirty minutes.

He states that its ease of administration

explosive characteristic make

for this purpose.

it an admirable anesthetic

He advises, however,

Magill tube if the operation

and non-

intubation of a

lasts more than 10 minutes.

The throat must be anesthetized with 10% cocaine or 2%
pontocaine before passing the tube.
Searles(8l) in a general discussion of the clinical
usage of intravenous anesthesia says that simplicity of
administration and the lack of detrimental effects of the
short-acting barbiturates have tended to increase their
value for intravenous anesthesia.

He advises the adminis-

tration of pentothal to supplement an abdominal wall block
and splanchnic block in a gastric resection, as it results
in good surgical relaxation with
the patient.

In regard

a minimum of shock for

to this "prophylactic" action toward

- 47 shock exerted by pentothal, would seem to indicate
this anesthetic agent for poor risk patients. This
is just what Searles advocates. ,In his ( 82 ) exper iments on dogs,

he noted a tendency of pentothal to

protect the animal organism against shock.
more, Seely, Essex and Mann( 83 ) found that

Furtherthe on-

set of shock was delayed in animals given sodium amytal
as compared with those given ether anesthesia, again
demonstrating the protection from shock exerted by the
barbiturates.

Searles(Sl) states that his subsequent

clinical experience substantiated this
that he is now using this anesthetic
in tlie "poor risk

patient".

contention and
to prevent shock

Searles says that indi v-

iduals with severe anemia, debility or senility tolerate
pentothal very well.
Lundy,., and his co-workers ( ~◊ state that "the site
of destruction of this thiob,arbi turate is not known
definitely at this

time.

The drug leaves the blood

stream 'Nithin';a few minutes of its introduction and its
effects on

most patients who have disease of the liver

and kidneys does not differ greatly from its effect on
patients with normal organs.

Therefore, h'ff' do.es, mt feel

that intravenous anesthesia is contraindicated when
disease of the liver or kidneys is present but it is

•
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wise to exercise greater caution with its administration."
Searles(Sl) found in his diabetic patients that they
tolerated pentothal very well and attributed a

decrease

in mortality in diabetic amputation observed in his
series of cases to the use of pentothal.
Thomas( 8 5) and his associates made extensive electrocardiographic studies·of patients under pentothal
anesthesia and failed to observe much of any deleterious
effect on the myocardium or the coriiuctive system of the
heart.

Thomas therefore concluded that pentothal was

only contraindicated in severe cases of myocarditis, as
regards cardiac contraindication.
Searles ( 8l) feels that the greatest use of intravenous anesthesia is found
profound muscular relaxation

in minor surgery in which
is not required.

Thus

he subscribes to the use of pentothal in such procedures
as breast biopsies, rib resections, dilation and curettage,
vaginal perineal repair, removal of painful dressings,
reduction of fractures, skin grafts, cystoscopy, certain
cases of prostatic resection and numerous operations of
this character.

He says that Esophagoscopy and Bronchos-

copy can be satisfactorily performed under anesthesia
with pentothal sodium provided ·a fairly deep anesthesia
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is obtained before the insertion of the instrument.
Preliminary oocainization of the throat should be
carried out.
Searles(Sl) in personally administering 2000 pentothal anesthesia and observing a like number came to
the following conclusions: "The use of short-acting
barbiturates is not confined to minor operations.

Small

doses of pentmthal sodium given intravenously will produce satisfactory aresthesia for major operation, provided o.ther methods of anesthesia such as aver tin with
amylene hydrate, loool block or nitrous oxide-oxygen is
used in combination with the intravenous anesthesia.
Pentothal sodium may be used to advantage for

the

"poor risk" patient because of the protective action
against shock which is exerted by the

barbiturates.

Owing to the ease 'Of.l.e.liministration and the type of
anesthesia produced, the short-acting barbiturates have
become the anesthetics of· choice in numerous other surgical procedures.
Schmidt(86) in reviewing 700 cases in which pentothal sodium was used as the anesthetic agent, gives many
valuable conclusions.

One of his conclusions, which has

impressed me in reviewing the subject of intravenrus
anesthesia, is that it is used with great enthusiasm in

- 50 a few hospitals, and in many others it is scarcely
accepted and not used at all.

He states that the

object of his paper is to impress upon the general
surgeons and practitioners in smaller hospitals that
this anesthetic may serve them
and gratification.
vantage in

with equal efficiency

He states that

the greatest ad-

the use of intravenous anesthesia is a sat-

isfied patient, and it is here that he finds its greatest value.

He has found, like others, that it partially

protects the patient from impending shock.

He says

that

nausea and vomiting occur in less than one per
cent of cases. Schmidt( 86) noted that once a patient

has had intravenous anesthesia, he prefers it to any
other type, and he tells his friends about it.
Schmidt's series of cases, patients submitted

In
to this

procedure as often as six ,times within two weeks and
never complained that it was unpleasant.

He predicts

that the time will come that intravenous anesthesia
will be prefered to gas-ether in long abdominal operations.

He likes spinal ~nesthesia, however, ~or the

shorter abdominal operation because of the great muscular relaxation.

He feels that there is no upper age

limit with pentothal.

The

difficulty of venipuncture

- 51 occasionally rules it out in very young
advocates the

use

to both the dentist and the patient.

the simplicity of

and cites its economical value.
which a surgeon, without
circumstances

He

of pentothal in tooth extractions,

as it is gratifying
Schmidt lauds

children.

equipment necessary
He cites one case in

assistants in a home,, where

demanded it, administered the anesthetic

until the patient stopped countipg and

then removed

the needle and performed the reduction of a dislocated
shoulder.

In concluding his paper, Schmidt says that

pentothal sodium

intravenous anesthesia is

in many cases in preference

recommended

to any other type of ares-

thesia, and to all practitioners because "it is kind to
the

patient;

it is maneuverable, and its use is fas-

cinating to the doctor."

The importance of the above

given observationsand conclusions by Schmidt lies in the
fact that the observations are not those of

a specialist

in anesthesiology nor from a large clinic or hospital.
Any anesthetic to be of any value must be applicable to
the medical profession as a whole and not be

confined

for the use of specialists under the best scientific
control.
Poole and Long(l0 9 ) in reviewing a series of cases,
confirm the ofttimes confirmed, good effect of pentbthal

- 52 on "poor risk" patients and the absence of nausea and
vomiting.

They
feel that pentothal very adequately
,

answers the prerequisites of a good anesthesia, namely,
\\

(1) pleasant induction, (2) ade&uate relaxation, and (3)

quick and pleasant recovery.
surgery, they found

,,

In doing major abdominal

that the degree of relaxation

desired was obtained in every case in their series and
that pentothal was particularly suited to those procedures requiring complete

relaxation of the abdominal

muscles and restriction of movement of the diaphragm.
They repeat Schmidt's( 86 ) observation that patients who
. have once received pentothal request its use in subsequent operations upon themselves and their friends.
Carraway(46) in 1940 reported results from 1840
major operations under pentothal aanesthesia.
the usual method of intermittent
oxygen with pentothal.

He used

injection, but used

The oxygen was administered

through a nasal catheter.

Carraway( 4 6) says that this

· administration of oxygen prevented respiratory depresston
in all of his series of cases.
of .3 per cent solution

He also administers 2 c.c.

of picrotoxin at

the end of

oper~tion and it is his belief that this hastens the recovery from the anesthesia.

He states that he has used most

drugs and chemicals that produce general anesthesia, such

- 53 as ether, nitrous oxide-oxygen, ethylene-oxygen, cyclopropane-oxy5en and also spinal ~nd rectal anesthesia,
and he has found thJ.t

1.tuthal-oxy3en c:.:..nesthesia 5ives

:')J 0

the most relaxation, and causes less interruption during
the operation from straining when the patient reverts
to a light stage anesthesia.

Pentothal sodium does not

produce sweating and there is no loss of bo~y fluid dll.e
to anesthesia.
Among

the operations done

under pentothal were:

thyroidectomies, cholecystectomies, cholecystostomies,
appendectomies, radical mammectomies, gastric resections,
resection of peptic

ulcers and hysterectomies.

In

regard to appendect~mies, Carraway(46) states that the
mortality has dropped since using pentothal.

In his

opinion, the advantage has been in the complete relaxation--there are no straining or periods of resistance
or the slightest excursion of the

intestines into the

field of operatiori.

•

In summarizing, Carraway( 4 6) states that most con-

ditions listed as contraindications to the use of this
type of anesthesia have been found to be indications.

He

says that if there are any contraindications, it is his
opinion that there may be certain heart con:litions, although
he states that they have used pentothal anesthetic successfully on many occasions in patients

with hypertension and

•
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cardiac disease with congestive failure.
Bowen(87) reported a series of 200 major orthopedic
operations done under pentothal sodium
excellent results.

and reported

He favors this type of anesthesia

above all others for orthopedic surgery.

He says that

results with pentothal have been gratifyine; to both the
doctor and tne patient.
Tucker{88) in using pentothal in 377 cases arrived
at the following conclusions:

11

(1) the induction stage

is rapid and pleasant, (2) patients may take food or
liquids immediately following recovery from the effect
of the drug, (3) the use of narcotics for relief of
pain and restlessn~ss for the first 12 hous is minimized
and very oft.en unnecessary, ( 4) patients are carried
through an operative period of one to three hours and
retu.rned to their

rooms in better condition than with

any other type of anesthetic,

(5) the element of psychic

shock 1s eliminated and patients will take pentothal for
subsequent anesthetics without protest, (6) post-anesthetic
nursing is reduced

to a minimum."

All or' Tucker~.s(88)

cases were of a

general surgical nature.
Nicholson and Sise< 89 ) in using pentothal in 266

encephalograms state that it provides the neurosurgeon
with adequate anesthesia for lumbar

puncture, air injection,

- 55 and roentgenography, as

the patient is quiet and in

good condition throughout the procedure.
the undesirable reactions, which are

It overcomes

so often seen when

local anesthesia is employed with this procedure, such
as headache, nausea, vomit.ing, pallor, cyanosis, perspirat~on, chilliness, restlessness and poor pililse.

This type

of anesthesia also eliminates the danger of fire or explosion present when inflammable agents such as ether or ethyl
chloride are used in the X-Ray room.

Furthermore, it

provides rapid, smooth and pleasant induction for anesthetizing patients in the sitting position and it eliminates the
ever, this

possibility of psychic shock.

They state, how-

type of anesthesia is rontraindicated if there

is any medullary embarrassment.
Long and his associates(90) ran a series of fifty
consecutive thyroidectomies; twenty-five patients received
anesthetic induction by intravenous pentothal supplemented
by one or more of the anesthetic gases by inhalation.
The remainder were anesthetized by inhalation anesthesia
alone.

A statistical study of

these patients demonstrated

in the group receiving the intravenous barbiturate showed·
a constantly lower pulse rate and temperature level during
the post-operative period.
lated data

Also, unexpectedly, the accumu-

revealed a shorter post-operative reaction in

- 56 the group receiving the pentothal sodium.
Kassebohm and Schreiber(9l) were one of the first
in this country to use
stetrical work.

intravenous anesthesia in ob-

They cite a series of 250 cases in

which pentothal and evipal were used in equal number· of
cases.

These drugs were used successfully in the follow-

ing procedures: low forceps (including episiotomy and
repair), mid-forceps, breech extraction, examination
under narcosis, manual dilatation and
removal of the placenta, packing
vagina, spontaneous delivery.
obstetrical field
speed of induction,

curettage, manual

of the uterus and

They found that in the

there are common advantages.

"The

the ease of administration, and

the fact that preparatio~ of

the patient for anesthesia

is unnecessary are common to both evipal

and pentothal."

In their series of~250 cases, neither drug was found to
produce respiratory difficulty or asphyxia in the newborn.
They(9l) s½ate

that they have never seen a case in which

either drug could be held responsible for post-partum
hemorrhage.

Uterine contractility and uterine contrac-

tions are not impaired by either

drug.

Pentothal in

approximately 60% of cases, effaces the bearing down
efforts.

This is a disadvantage in spontaneous deliveries,

- 57 while in operative deliveries it can either be an
advantage or disadvantage depending on the operator.
In concluding their paper they state that obstetrically, where an intravenous anesthetic is to be-employed,
pentothal is the agent of choice.

They( 9 l) and others

(92)(93)(94)(77)(95)(96)have recommended it as an analgesic agent during the final stages of labor and during
caesarean section.

Labreo~u~~9~),__ calls attention to

the ease which a state of analgesia can be deepened
quickly to one of anesthesia.
the management of childbirth in

(q3)

HOr'sley's experience in
a mental hospital calls

attention to the fact that patients under the effect
of pentotha~ sodium were very amenable to sugg~stion
and cooperation was easily obtained.
It will be seen from all of the above that pentothal intravenous anesthesia is applicable in most all
fields and in innumerable

procedures.

In fact it is

employed by some surgeons

as the anesthetic of choice
in all surgical procedures( 6l)( 46 )( 97) while others
limited its use to certain operation.

The absence of

the anesthetist and his apparatus from the region of
the operative field makes the use of intravenous pentothal desirable in operations upon the head and neck,
particularly in those cases in which the use of the

.

"--

- 58 cautery or electrosurgical unit creates a distinct fire
hazard.

It is

reported as a desirable anesthetic by

urologists,(9S)(99)(lOO) ophthalmologists,(7 8 ) psychiatrists and neurologists~l01)(89)(10~)(103_)(60) bronchoscopists and laryngologists;(l0 4 )(l05)( 4 9)

it is used to

control the convulsions caused by °local and

general

ahesthetic agents, by tetanus and eclampsia(5)(l0 6 )( 6 0)
and to create a phase of "twilight sleep" permitting:·
more careful investigation and treatment of

personality

problems. ( 101) ( 107) ( 93)
Certain characteristics of pentothal anesthesia
'
make it a particularly
valuable anesthesia, and I believe

these characteristics should be stressed in any review
of intravenous qnesthesia.
One of the most desirable characteristics is the
relative freedofnec from nausea and vomiting during the
recovery period following intravenous pentothal. Jarman
48 ) reported 1000 cases without a si-rigle instance
and A~el
·, (
!bf vomiting.

Rawlings( 6 9) reported a series of 400 cases

in which no instance of vomiting or headache resulted.
Cameron(l08) reported 225 cases in which the
of vomiting followed an opiate.
that in Jarman and
tion was used.

It

only instance

might be mentioned

Abel's series no preliminary medica-

- 59 There is also an absence of excessive sweating
1
during operative and recovery periods, ( +1 ) a charac-

teristic which may partially explain the pr,ophylaxis
that pentothal appears to exert toward shock.(81)(86)(109)
Following

short operations, the length of the

recovery period is extremely short,

being calculated

by various writers(lOB)(llO) as from five to thirty
minutes.

Following the

longer procedure, full recovery

may be delayed for as long as six to twelve hours.( 62 )(llO)
However, even in these cases, the patient may be aroused
in from ten to sixty minutes,( 69)(9B) although, undisturbed, many patients

prefer to sleep on.

Postoperative restlessmess has been reported as a
rare cornplication( 6 l) with an incidence in a large series
of cases of 0.05%.(59)
Although it is impossible

at this early date to

establish any accurate mortality rate in regards to
pentothal sodium or evipal, Ochsner and Long(59) reviewed
completely all the American and British literature and
collected a series of 54,851 pentothal anesthesias by the
intravenous route.

There were twelve deaths reported to

have occurred during anesthesia and two afterward.
of these were not attributed to the anesthesia.

Seven

Of the

remaining seven in which death may have been due to the

- 60 anesthetic agent, four of these might have been avoided
had proper facilities been available or had better preparation of the patient
been used.

and better clinical judgment

In reviewing this series of cases, Long and

Ochsner(59) pointed out that there was not one single
report of post-operative pulmonary collapse or pneumonia;
sympttms of milder respiratory complications were almost
as ra.re.

* * *

USE IN WARTIME

'

Use in Warfare
One. of the most important uses of intravenous
anesthesia is in military medicine, and this present
war, from all indications at the present time, seems
destined to do much in promoting this type of anesthesia.

Its use in this global war, in which so many

men are engaged, will do much in bringlng out .qll the
clinical charact~ristics of this method of anesthesia
and will result, no doubt, in voluminous quantities
of stati~tical data, from which uncontroversial concl 1rni ons cn.n be drawn.

I will quote the words of

Doctor J. Roy Fulton, Commander,
ton;

u. s.

Navy, Washing-

n. c. (121 )
"Pentothal sodium .3,nd the equipment necessary

for its use are available at the present time on board
1-ll naval vessels with medical off ice rs.
for the continuous administration of

Apparatus

oxygen under

intravenous anesthesia is now available on even our
smaller vessels.

We have not, however, gone completely

overboard in the use of this method of producing general
anesthesia.

At our home· naval hospitals, it is not the

anesthetic of-choice for routine major surgery.

It is

neserved for use only ':1hen it is especially indicated.
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- 62 We have found this method of anesthesia most applicable for short and minor surgical
i'llly when

procedures, espec-

the operation does not involve the rcs-

pir.'.1tory passage or

,shen extensive muscular relaxa-

tion, particularly abdominal, is not required.

We

have

found the method of particular value as a supplement to
spinal anesthesia when the effects of the latter begin
to wear off or when annoying nausea or vomiting is
present.

Local and re5ional anesthesia, supplemented

by intravenous pentothal sodium, has given us satisfactory anesthesia for extensive intra-abdominal procedures.

It has proved to be an ideal anesthesia for

the reduction of fractures and dislocations.

The

method is particularly well suited for surgical procedures about the head and in transurethral
scopic procedures.

and cysto-

Pentothal sodium is our anesthesia

of choice in treatment of fresh burns, especially those
contaminated by grease or fuel oil.

Aboard a combatant

ship, pentothal sodium anesthesia, because of the rapidity
of the induction and the emergence from anesthesia, easA
of administration and non-explosive qualities, has become
the anesthetic of choice.

During a lull following a

naval engagement, the medical officers are being confronted
with a largennumber of seriously wounded and injured
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persons.

In their treatment, all measures which are

effective and time saving are of utmost value.

Although

shock is listed as a contraindication toi the intravenous
use of the quick acting barbiturates, our experience has
been the same as that of Jarman, who stated as a result
of his war experience, that pentothal anesthesia does
not accentuate the condition of the 'poor risk' patient.
As far as I know, there were no deaths under pentothal
anest·hes ia at the naval hospital at Pearl Harbor.

I

recently returned from a flight to ~ngland where I had
opportunity to visit British hospitals and Royal Air
Force burn centers. The impression gathered during this
short visit was that, although pentothal was being used
in some hospitals, nitrous oxide-ether is still the
most popular anesthetic for routine major

surgery.

Pentothal appeared to be the favorite anesthetic for
minor cases, for the treatment of burns when an anesthetic was necessary, and for the treatment of compound
fractures and wounds of the soft parts in the casualty
clearing station. tt
Crane and Sankey(lll) think that one of

the chief

advantages of intravenous anesthesia as regards military
surgery 1s the simplicity of equipment required.

They

- 64 state that a large quantity of barbiturate solution
can be prepared at the beginning

of each day, as long

as care is taken to keep it sterile.

Then a sufficient

solution may be withdrawn from a stock bottle for each
case as required.

In this way, considerable

be saved in preparation of the solution.

time may

Intravenous

anesthesia also is a very rapid'way of producing anesthesia and in war surgery this is a vital factor.
Another advantage of intravenous anesthesia is its nonexplosive quality, which is of course very vital.
Jarman(ll~) feels that the question of anesthesia
in war must deal with the place of administration, -that

is, clearing zone, evacuation zone, and thirdly the base
hospital and at Sia.

He feels that intravenous anes-

thesia is by far the best anesthesia in clearing and
evacuation zones.

The only disadvantage to this type

of _anesthesia according to Jarman is the possibility
that the syringes and ampoules may get smashed, but he
suggests that this disadv-antage may be overcome by usil".E
a case lined with shock-profif material such as sorbo
rubber, to carry the syringes and ampoules.
that asffar as is known, there

He also says

are no contraindications

to the us·e of intravenous anesthesia in gas cases.

---
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Wade(ll3) reviews the advantages of pentothal
intravenous anesthesia in war time, particularly as
applicable to the

navy.

He mentions its ease of

adminis_tration, rapidity of

inouction and

recovery,

comparative safety and the minimal amount of required
equipment.

He suggests the use of 1 c.c. of coramine

to be added to each 20 c.c. of 2.5% solution of pentothal.
Hotten( 114 ) agrees with Jarman(ll2) in that he
feels intravenous anesthesia is definitely indicated
for the gassed wounded.

He points out the advantages

of intravenous anesthesia already mentioned above,
showing the general appreciation

of these charac-

teristics of intravenous anesthesia by the military
doctor.
Fulton(ll5) advises the use of pentothal as a
supplement to other methods of anesthesia, particularly
spinal.

He also advises it as an anesthetic agent in

fractures, dislocations, procedures about the head,
transurethral and cystoscopic procedures.

He says

also that pen~othal is his anesthetic of choice in the
treatment of fresh burns.
Moore~ll6) who is the anesthetist at a casualty
clearing station, says that pentothal is his choice for

- 66 general anesthesia in a large percentage of cases.
He lists the following advantages:

tt (

1) the ease with

which it may be sent from the advanced medical stores
depot, (2) the prolone;ed period of sleep following the
operation, undisturbed by vomiting or restlessness:
this gains ·the gratitude of the patient and the enthusiastic praise of the very busy nursinri; sisters, (3)
the pleasant inductdlon, ( 4) the ease of administration. 11
Marsha11(ll7) drew some very interesting conclusions concerning the use of pentothal sodium, under
actual war time conditions, and I think it might be
well to list them: "fl) Pentothal sodium is a suitable
anesthetic for a large proportion of the operations
perfromed under service conditions, especially in forward
areas, (2) experience with both air raid and battle casualties shows that the drug i~ really indispensable,

(3) a knowledge of the properties and the use of the drug
may be readily acquired, especially ,if facilities for
instruction arrl supervised trials of its use are organized,
(4) pentothal is a powerful respiratory depressant, a
property demanding careful technique and yet providing
the indications by which the dosages required are estimated,
(5) it has virtually no intrinsic toxic prope~ties, but

adequate oxygenation of the subject must be insured during

- 67 its use, (6) its action is rapid and positive; the
anesthesia produced is generally .satisfactory and
deleterious after-effects are rare, (7) _complications
arising during or af~er its use are of a minor nature
and generally attributable to errors of preparation
and technique, which are largely avoidable, (8) the
drug has certain limitations, which must be respected
if uniformly satisfactory results are to be obtained
from its use, (9) the suggestibility of patients

during certain phases of pentothal narcosis may,; be
turned to great advantage, yet care is necessary to
avoid its abuse."
Tynes and his associatee(llS) recommended the
routine use of

pentothal anesthesia at all casualty-

clearing stations, and also advises that
in many cases at the surgical hospital.

it be used
His reasons

are those which have been stated before, namely, ease
of administration and non-explosive characteristics.
In bringing this section to a close, I shall review
a paper by Phillips(ll9) who states the qualifications·
necessary for an ideal wartime anesthesia.

I believe

this will enable one to draw hie own conclusions

con-

cerning the value of intravenous anesthesia, as used in
waitime medicine, since the military literature is rather
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inadequate at the present time

to actually evaluate

this type of anesthesia in actual warfare.
Phillips(ll~) lists the following conditions which
must be fulfilled in order to insure efficient wartime
anesthesia: "(l) ease of carrying anesthetics and the
apparatus for administering them and ease of assembling
the latter, (2) the organi~ation of individual anesthetics
(excluding, of course, the inhalation types

of anesthetic)

into compact and sterilized individual kits, ( 3) the use,
preferably, of non-explosive anesthetic agents, (4) training in the techniques of inducing spinal and intravenous
anesthesia for at least 25% of the hospital corpsman of
the navy and 25% of the enlisted men in each medical
regiment in the army, (5) the inclusion in the anesthesia
kits of the following materials: (a) an adequate supply
of morphine, (b) vasopressor drugs and

other stimulants,

( o) some kind of standard card, printed accordi nr; to

the types of anesthesia at hand, for a brief but accurate
record, (6) storage of the anesthesia kits

in close

prox-

imity to the apparatus for transfusion of blood and the
intravenous administration of plasma, physiologic solution of sodium chloride and dextrose in solution."

In

regard to the above specific qualification necessary for

- 69 the anesthetic a~ent, Phillips(ll9) mentions the minimal
expense entailed in making up individual kits containing
all the accouterments for ~dministration of intravenoos
anesthesia, the ease of transportation, its non-explosive
character and the relative ease of administration after
moderate instruction and experience.

Furthermore, he

states that each individual kit will keep indefinitely.
The full evaluation of intravenous anesthesia in
wartime will, of necessity, have to await further repo~ts
by the army and navy personnel.

* **

SUWARY

Summry
It is my own personal belief after reviewing the
subject of intravenous anesthesia that there is too
much of the conservative attitude toward the use of
this type of anesthesia and that this conservatism is
depriving the general

medical man of a valuable

and

useful anesthesia.
The following are the conclusions that I have
derived from this review:
1. Intravenous anesthesia was first introduced
in 1872, but has only become popular during the past
fifteen years.
2. Pentothal sodium and ~vipal have no intrinsic
toxic vroperties other than a respiratory depressant
effect.

They both are barbiturates, the former a thio-

barbi turate.

3. The intermittent injection and continuous now
method are the accepted methods of administration.
t\tropine should be used preoperati vely and oxygen should
be administered concom~tantly with the

intravenous anes-

thesia.

4. Pentothal anesthesia by the intravenous route
may be used in almost all procedures requiring an anesthetic agent.

There are no a~reed upon contraindications
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- 71 other than those cases in which venipuncture is impossible.
This anesthetic agent has proved to be quite effective in
"poor risk" patients.

5. Pentothal sodium has snown promise o·f becoming
one of the best, if not the best, anesthetic agent for
use in forward areas in battle areas and aboard naval
combat vessels •

•

•
•
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